Remifentanil is reported to reduce oral tissue blood flow. We performed a retrospective investigation using logistic regression analysis of anesthesia records to investigate whether the use of remifentanil infusion in a balanced anesthesia technique was useful as a primary technique to reduce blood loss during orthognathic surgery. Subjects were 80 patients who underwent Le Fort I osteotomy and sagittal split ramus osteotomy of the mandible. The variables included gender, age, weight, type of maintenance anesthetic, type and dose or infusion rate of opioid, mean systolic blood pressure (SBP-mean), coefficient of variation of systolic blood pressure (CVSBP) during surgery, mean heart rate (HR-mean), duration of surgery, total blood loss, volume of infusion used, amount of local anesthetic used, body temperature, and urine output. Gender, type of maintenance anesthetic, type of opioid, SBP-mean, CVSBP, HR-mean, and duration of surgery were used as candidates for independent variables. Logistic regression analysis was performed for the selected independent variables with the total blood loss as the dependent variable. The factors associated with the reduction of blood loss were the use of remifentanil (odds ratio, 3.112; 95% CI, 1.166-8.307; P ¼ .023) and smaller CVSBP (odds ratio, 2.747; 95% CI, 1.07-7.053; P ¼ .036). Use of remifentanil and smaller CVSBP were associated with a reduction of blood loss during orthognathic surgery.
M
ajor diseases requiring surgical treatment in the oral and maxillofacial region include malignant tumor, jaw deformity, and cleft lip and palate. Because both oral mucosa and bone marrow, which have abundant blood flow, are part of the surgical field, control of bleeding to ensure a clear surgical field is important for the smooth progression of surgery. Reduction of bleeding also helps to limit allogeneic blood transfusions and decrease the need for autologous blood transfusion, potentially enabling swifter postoperative recovery and fewer complications.
For this reason, several studies have investigated anesthesia management techniques to reduce bleeding. One such method is deliberate hypotension, generally defined as a mean arterial pressure less than 60 mm Hg or mean arterial pressure reduction more than 30% of the control value. It has been reported that oral tissue blood flow decreases depending on the mean arterial pressure and cardiac output and that reduction in these parameters reduces the volume of bleeding. [1] [2] [3] [4] Other studies, however, have reported complications such as brain damage from excessive hypotension [5] [6] [7] [8] as well as an increase in the incidence of postoperative complications caused by intraoperative hypotension and prolongation of hospital stays. 9 In rabbit studies, Kemmochi et al 10 reported that remifentanil reduced blood flow in lingual mucosa and mandibular bone marrow tissue without a major decrease in blood pressure. Koshika et al 11 reported that remifentanil decreased blood flow in lingual mucosa, mandibular bone marrow tissue, masseter muscle, and maxillary and mandibular alveolar tissue in an infusion rate-dependent manner. However, the effect of the use of remifentanil during oral and maxillofacial surgery on bleeding in clinical practice is as yet not fully clarified.
In this study, we carried out a retrospective investigation using logistic regression analysis of anesthesia records to investigate whether or not the concomitant use of remifentanil was useful in reducing blood loss during orthognathic surgery under general anesthesia, and if it was, to identify whether or not the reason was because it lowered blood pressure.
METHODS
This study was approved by the Tokyo Dental College Ethics Committee (approval No. 464). The requirement for written informed consent was waived by the Tokyo Dental College Ethics Committee. The subjects were 80 patients (21 men, 59 female) who underwent Le Fort I osteotomy and sagittal split ramus osteotomy of the mandible performed by the same surgeon at the Chiba Hospital of Tokyo Dental College between January 2008 and December 2012.
General anesthesia was induced with propofol and fentanyl, and nasotracheal intubation was performed after muscle relaxation with rocuronium bromide or vecuronium bromide. Anesthesia was maintained with air, oxygen, and either 1% propofol using target controlled infusion (TE-371, Terumo Corporation, Tokyo, Japan) at 3-4 lg/mL, which correlates to a state of general anesthesia (commonly equivalent to 6-8 mg/kg/h or 100-133 lg/kg/min propofol infusion), or sevoflurane (1.5%-2.5%), and F I O 2 was set to 0.4. Either remifentanil (continuous infusion at 0.05-0.25 lg/kg/min) or fentanyl (repetitive bolus amounts of 0.05 or 0.1 mg) was used as the intraoperative opioid. If fentanyl was used, it was administered at least once per hour or when blood pressure was elevated more than 20% from the baseline value during surgery. In the patients receiving remifentanil, transitional fentanyl was given after the conclusion of surgery and discontinuation of remifentanil. Other hypotensive adjuvants, such as b-blockers or vasodilators, were not used in any case in this study. End-tidal carbon dioxide concentration was maintained during anesthesia at 35-40 mm Hg through controlled mechanical ventilation. Acetate Ringer's solution was administered at approximately 10 mL/kg/h for fluid infusion during surgery, and rectal temperature was continuously monitored. Local anesthesia including infiltration anesthesia and nerve block using 1% lidocaine hydrochloride solution with 10 lg/ mL epinephrine was used during surgery.
The parameters investigated included gender, age, weight, type of maintenance anesthetic, type and dose or infusion rate of opioid, mean systolic blood pressure (SBP-mean), coefficient of variation of systolic blood pressure (CVSBP; standard deviation of SBP during surgery divided by SBP-mean), mean heart rate (HRmean) during surgery, duration of surgery, total blood loss, volume of infusion used, amount of local anesthetic used, body temperature, and urine output. SBP-mean was recorded from direct measurements from noninvasive blood pressure monitoring carried out at 5-minute intervals during surgery. Gender, type of maintenance anesthetic, type of opioid, SBP-mean, CVSBP, HRmean, and duration of surgery were used as candidates for independent variables.
To carry out logistic regression analysis, cutoff values for the quantitative candidate for independent and dependent variables were determined from the means of each measured value, and the variables were converted to dummy variables in which values exceeding or less than those cutoff values were coded as 0 and 1, respectively. Thus, the sample was divided into 2 groups. Qualitative variables were also converted to dummy variables to divide the sample into 2 groups. To test the independence of each variable, multicollinearity was investigated by performing a chi-square test on each variable to generate a correlation matrix. A chi-square test was used to test the association between each independent variable and total blood loss and items for which P , .10 were selected as independent variables. Logistic regression analysis was then performed for these independent variables with total blood loss as the dependent variable, using the step-up procedure based on the likelihood ratio. A P value less than .05 was regarded as significant. PASW Statistics version 20 (IBM Corporation, Armonk, NY) was used for statistical analysis. Table 1 shows the mean values of the parameters investigated. Sevoflurane was used for the maintenance anesthesia in 55 cases and propofol in 25, and remifentanil was used in 51 cases and fentanyl in 29; the total doses of remifentanil and fentanyl were 2.49 6 1.25 mg and 0.895 6 0.455 mg, respectively. The mean temperature of individual patients during anesthesia ranged from 35.68C to 38.28C.
RESULTS
From the mean results, gender, type of maintenance anesthetic, type of opioid, SBP-mean (100 mm Hg/ ,100 mg Hg), CVSBP (8%/,8%), HR-mean (75bpm/,75bpm), and duration of surgery (300 min/,300 min) were used as candidates for independent variables and converted to dummy variables. Total blood loss (5 mL/kg/,5 mL/kg) was also converted to a dummy variable as the dependent variable ( Table 2 ).
The relevance of each candidate was investigated by means of a correlation matrix ( Table 3 ). The candidate for independent variables associated with the reduction of blood loss at P , .10 were the type of opioid and CVSBP. Multicollinearity was not observed between these 2 variables. Table 4 shows the results of logistic regression analysis with the type of opioid and CVSBP as independent variables and blood loss as the dependent variable. The odds ratio for remifentanil was 3.112 (95% CI, 1.166-8.307; P ¼ .023) and that for CVSBP was 2.747 (95% CI, 1.07-7.053; P ¼ .036), respectively. The results of a model chi-square test were significant at P , .05, and the Hosmer-Lemeshow test showed satisfactory goodness-of-fit at P ¼ .451, with a discrimination rate of 63.7%.
The mean infusion rate of remifentanil in patients with blood loss of ,5 mL/kg was 0.207 6 0.083 lg/kg/ min. Although this was slightly higher than the value of 0.174 6 0.065 lg/kg/min in patients with blood loss of 5 mL/kg, the difference was not significant (P ¼ .076; Table 5 ).
There were no adverse symptoms such as delayed awakening, respiratory depression, or hypotension that required drug administration caused by remifentanil or fentanyl in any of the cases.
DISCUSSION
This study showed that the factors related to reduction of blood loss were the use of remifentanil and smaller CVSBP, whereas there was no relationship between SBP-mean and blood loss.
Remifentanil is an ultrashort-acting opioid that possesses analgesic effect comparable to that of fentanyl. It suppresses the autonomic nervous response to noxious stimuli and hemodynamic changes during surgery; furthermore, because it is esterase metabolized quickly in plasma, it enables rapid titration and prompt emergence after anesthesia. [12] [13] [14] This ease of adjustability suggests that remifentanil is useful in oral and maxillofacial surgical procedures. 15 Research in rabbits has shown that remifentanil dosedependently decreases blood flow in the oral tissue.
11
There is one study that investigated the blood loss during remifentanil-based anesthesia with sevoflurane and with isoflurane during orthognathic surgery. 16 In this comparative study between remifentanil and fenta- * CVSBP indicates coefficient of variation for systolic blood pressure; HR, heart rate; SBP, systolic blood pressure. * CVSBP indicates coefficient of variation for systolic blood pressure; HR, heart rate; SBP, systolic blood pressure. † Candidates for the independent variable associated with the reduction in blood loss. nyl, we indicated that the use of remifentanil was associated with the reduction of blood loss under propofol anesthesia.
A previous study of blood loss when remifentanil or fentanyl was used during spinal surgery under general anesthesia also found that blood loss was significantly less in patients given remifentanil and suggested that this was because remifentanil maintained lower blood pressure. 17 In another study, when intraoperative blood pressure was maintained at either normal level or decreased level in patients undergoing Le Fort I osteotomy, blood loss was found to be less in patients maintained in a hypotensive state. 18 Maintenance of hypotension has thus been identified as an important factor in reducing blood loss during surgery. In this study, however, although we found a relationship between CVSBP and blood loss, no such relationship was observed with SBP-mean, suggesting that in orthognathic surgery, it may be more important to suppress variations in systolic blood pressure rather than to lower the value of mean systolic blood pressure itself.
The results of this study also showed that the odds ratio for the use of remifentanil was greater than that for the CVSBP. This suggests that the use of remifentanil contributes more importantly to reducing blood loss. The absence of a significant relationship between the type of opioid and CVSBP (P ¼ .4084) suggests that multicollinearity was unlikely and that remifentanil contributes to reducing blood loss via factors other than stabilizing blood pressure fluctuation. Hence, it is possible that remifentanil decreased blood flow in oral tissues and reduced blood loss in humans in a manner similar to that seen in rabbit studies. 10, 11 Further studies are needed to examine which factor, decreased blood flow in oral tissues due to remifentanil or suppression of variations in systolic blood pressure, contributes more to the reduction in blood loss and to what degree.
In this study, we also found that blood loss tended to be decreased for a greater mean infusion rate of remifentanil, although this difference only approached significance (P , .076). A greater number of subjects may be needed to determine if this is a significant factor. This suggests that the decrease in blood flow in oral tissues in an infusion rate-dependent manner reported by Koshika et al 11 may possibly apply to humans. This suggestion should be validated clinically by a randomized controlled trial or other means. With respect to the maintenance anesthetic, a comparison of the use of sevoflurane and propofol in maxillary sinus surgery found that blood loss was lower in patients who were given propofol. 19, 20 According to Koshika et al, 11 however, neither sevoflurane nor propofol had any differential effect on blood flow in oral tissues. No significant difference in blood loss was observed between sevoflurane and propofol, suggesting that the type of maintenance anesthetic used may not have a major effect on blood loss in orthognathic surgery. Significant differences in heart rate between 2 groups (total blood loss 5 mL/kg or ,5 mL/kg) were not observed in this study, and thus, heart rate, 1 of 2 components of cardiac output, did not appear to be a major contributor to reduction of blood loss.
Although deliberate hypotension has been reported to be available to reduce bleeding during surgery, there are many reports of critical complications. [5] [6] [7] [8] Since remifentanil can stabilize blood pressure and reduce blood loss without excessive hypotension, 11 remifentanil may be a good candidate to reduce blood loss for orthognathic surgery. However, large-dose remifentanil may induce significant cardiovascular depression and hyperalgesia after surgery. [21] [22] [23] Therefore, further study will be needed to determine the appropriate dose of remifentanil to obtain maximal effect to reduce blood loss while minimizing adverse effects.
In conclusion, we retrospectively investigated whether the use of remifentanil decreased intraoperative blood loss in patients undergoing orthognathic surgery and found that the use of remifentanil and smaller variations in SBP (CVSBP) were associated with the reduction of blood loss. Logistic regression analysis revealed that the use of remifentanil (odds ratio 3.112) was more strongly associated with blood loss reduction than CVSBP. 
